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FIG. 1: Upper bound on scale  as per eqn. (1).
∆Τ
Hm






FIG. 2: Lower bound on expected size of jT j as per




, 4, and 3.
to appear in the low-energy eective theory. Here b is an unknown coeÆcient of O(1), and  measures size of couplings
of the composite Higgs eld. In a strongly-interacting theory,  is expected [11, 12] to be of O(4).
Deviations in the low-energy theory from the standard model can be summarized in terms of the \oblique" param-
eters [13, 14, 15, 16, 17] S, T , and U . The operator in eqn. 2 will give rise to a deviation ( = "
1
= T )
































where v  246 GeV and we have used eqn. 1 to obtain the nal inequality. The consequences of eqns. (1) and (3)
are summarized in Figures 1 and 2. The larger m
H
, the lower  and the larger the expected value of T . Current
limits imply jT j
<
 0:5, and hence 
>
























































Even for  ' 1, jSj  jT j.






















and, being suppressed by 
4
, are typically much smaller than T .
LIMITS ON A COMPOSITE HIGGS BOSON
From triviality, we see that the Higgs model can only be an eective theory valid below some high-energy scale
. As the Higgs becomes heavier, the scale  decreases. Hence, the expected size of contributions to T grow, and

















FIG. 3: 68% and 95% CL regions allowed [18] in (m
H







to vary consistent with current limits [18]. Also shown by the the thick line on the T = 0 axis is the usual one-dimensional
95% CL limit quoted on the Higgs boson mass in the standard model, and the corresponding best t. The triviality bound
curves are for jbj
2
= 4 and 4
2
, corresponding to representative models [18]
.
are larger than the expected contribution to S or U . The limits from precision electroweak data in (m
H
;T ) plane
shown in Figure 3. We see that, for positive T at 95% CL, the allowed values of Higgs mass extend to well beyond
800 GeV. On the other hand, not all values can be realized consistent with the bound given in eqn. (1). As shown
in gure 3, values of Higgs mass beyond approximately 500 GeV would likely require values of T much larger than
allowed by current measurements.
We should emphasize that these estimates are based on dimensional arguments, and we are not arguing that it is
impossible to construct a composite Higgs model consistent with precision electroweak tests with m
H
greater than
500 GeV. Rather, barring accidental cancellations in a theory without a custodial symmetry, contributions to T
consistent with eqn. 1 are generally to be expected.





4, changes from the nominal standard model best t (m
H
= 84 GeV) value of the Higgs mass are displayed as
contributions to S(m
H
) and T (m
H
). Also shown are the 68% and 95% CL bounds on S and T consistent
with current data. We see that, for m
H
greater than O(200 GeV), a positive contribution to T can bring the model
within the allowed region.
THE TOP QUARK SEESAW MODEL
The top-quark seesaw theory of electroweak symmetry breaking [20, 21, 22, 23] provides a simple example of a
model with a potentially heavy composite Higgs boson consistent with electroweak data. In this case, electroweak
symmetry breaking is due to the condensation, driven by a strong topcolor [24] gauge interaction, of the left-handed
top-quark with a new right-handed singlet fermion . Such an interaction gives rise to a composite Higgs eld at low































to vary consistent with current limits [18]. Standard model prediction for varying Higgs boson mass shown as parametric curve,
with m
H
varying from 84 to 1000 GeV.




















) and has a light eigenvalue corresponding to the observed top quark. The value
of m
t
is related to the weak scale, and its value is estimated to be 600 GeV [20].
The coupling of the top-quark to  violates custodial symmetry in the same way that the top-quark mass does in
the standard model. The leading contribution to T from the underlying top seesaw physics arises from contributions












































. Note that =m

cannot be small since top-color gauge
interactions must drive t chiral symmetry breaking.
A recent detailed analysis of precision electroweak constraints [19, 23], taking into account the running of the Higgs
self-coupling below the compositeness scale, yields the results shown in Figure 5. The results show that the top quark
seesaw model essentially saturates the bounds implied by the triviality curves plotted in Figure 3.
CONCLUSIONS
In conclusion, the triviality of the Standard Higgs model implies that it is at best a low-energy eective theory valid
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FIG. 5: T vs. m
H
for the top-quark seesaw model plotted for various values of the mass of the heavy singlet quark, m

,
and various values of the (strong) topcolor-coupling,  / g
2
tc
, superimposed on t to summer 2000 electroweak precision data.
Courtesy of Hong-Jian He, [19].
scale  decreases. If the underlying dynamics does not respect a custodial symmetry, it will give rise to corrections to






, while the contributions to S and U are likely to be much smaller. For this reason, it is necessary
to consider limits on a Higgs boson in the (m
H
;T ) plane. In doing so, we see that a Higgs mass larger than 200
GeV is consistent with precision electroweak tests if there is a positive T . Absent a custodial symmetry, however,
Higgs masses larger than ' 500 GeV are unlikely: the scale of underlying physics is so low that T is likely to be too
large.
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